Background
Introduction
Many factors determine changes in an individual's weight from year to year. With varying degrees of success, a person may voluntarily choose to lose or gain weight. Weight change may also be involuntary, a result of changes in appetite, food availability, prescription medications, mobility limitations, or changes in basal metabolic rate. [1, 2] The incidence and/or diagnosis of a major disease may activate any or all of these mechanisms. For example, a diagnosis of diabetes is likely to encourage voluntary efforts to lose weight. [3, 4] Poor glycemic control in diabetes may lead to involuntary weight loss. [5] Chemotherapy used to treat cancer is often associated with loss of appetite. [6] Both cancer and chronic obstructive pulmonary disease are associated with the development of cachexia through increased metabolic demands, among other routes. [7, 8] Arthritis often limits physical activity and may be associated with weight change. [9] Efforts to reduce smoking after diagnosis of chronic bronchitis and other smoking-related illnesses may indirectly lead to weight gain through changes in appetite and metabolism. [10, 11] Patterns of weight change associated with diagnoses of major diseases have not been systematically documented in a national sample of US adults. In this paper, we use data from the National Health and Nutrition Examination Survey to document weight change in the year preceding the survey as a function of recent, as well as more distant, disease diagnosis. The disease categories of interest are arthritis, diabetes, cancer, cardiovascular disease, liver disease, and respiratory disease. Special attention is paid to the distinction between voluntary and involuntary weight loss. Whereas involuntary weight loss represents a useful prognostic indicator of disease onset and severity, voluntary weight loss may be indicative of behavioral modification in response to the disease diagnosis and encounter with the health care system. Comparisons by length of time since diagnosis help to reveal the extent to which patterns of weight change are maintained or dissipate over time. The patterns that we describe provide a set of provisional standards that can help to inform clinicians about weight changes to be expected when patients are diagnosed with one of the diseases that we investigate. We demonstrate the major role that disease incidence is playing in US patterns of weight change, a role that has not previously been identified.
Data and methods
We used data from the National Health and Nutrition Examination Survey (NHANES), pooled across eight waves from 1999-2014. [12] NHANES is an annual cross-sectional health survey that is representative of the non-institutionalized US population. Our sample was restricted to non-pregnant individuals ages 30 and above not missing data on self-reported weight at survey and one year prior, disease diagnosis, age at diagnosis, and model covariates. Roughly 95% of respondents in our sample were medically examined as part of the survey, which includes being weighed. To minimize possible bias associated with weight misreporting, we excluded 1,673 examined people who had a discrepancy between self-reported and measured weight of 10% or more. The reliability of weight self-reporting could not be assessed for the remaining 5% (1,584) of otherwise-eligible respondents who completed the questionnaire portion of the survey but were not medically examined and were thus missing information on measured weight. We retained these individuals. The final sample size was 31,860.
All waves asked respondents their current weight as well as their weight one year ago, which we used to construct a continuous variable for percent weight change in the last year. Individuals who were pregnant one year ago were asked to report their weight prior to pregnancy. For descriptive purposes, we divided weight change into seven categories: three for weight loss (2.5-4.9%, 5-9.9%, and 10% or greater), one for no change (between loss of 2.5% and gain of 2.5%), and three for weight gain (2.5-4.9%, 5-9.9%, and 10% or greater). We used the continuous measure to estimate the mean percent change.
Respondents were also asked whether "a doctor or other health professional ever told you that you had" certain medical conditions or diseases. We used these data to create six diseasespecific categories: arthritis, diabetes, liver condition, cancer, cardiovascular disease (CVD), and respiratory disease. The last three categories are combinations of several diagnosis questions asked in the survey. Cancer includes all cancers except non-melanoma skin cancer, a common condition which is not likely to be linked to weight change. CVD includes congestive heart failure, coronary heart disease, angina or angina pectoris, and stroke. Respiratory disease includes emphysema and chronic bronchitis. In a preliminary analysis, we categorized lung cancer as a respiratory disease, rather than as a cancer, with little effect on the results. Although there are other conditions that may be associated with weight change, NHANES does not consistently include information on their diagnosis; this analysis was therefore limited to diagnosis of the six categories listed above.
We treated diagnoses independently of one another; a respondent who reported multiple conditions was counted in multiple categories. We created a seventh category, "none", for respondents who reported never having been diagnosed with any of the six conditions.
Respondents who indicated a diagnosis were additionally asked the age at which they first received the diagnosis. For those reporting several conditions within the same category, such as multiple cancers, we used the earliest diagnosis. We subtracted respondent's age at diagnosis from respondent's current age to create a categorical variable for years since diagnosis (0-1 years, and 2+ years).
Respondents who reported losing at least 10 pounds in the last year were asked whether their weight loss was intentional. We used these data to identify the frequency of intentional and unintentional weight loss of at least 10% for people in different diagnostic categories. Only three individuals who lost at least 10% of their body weight did not lose at least 10 pounds, so were not asked about intention. They are included as not losing 10% in the analysis of intention.
We estimated multinomial logistic regressions predicting the probability of gaining or losing 10% of body weight in the year preceding the survey. We used the six disease categories as predictor variables. Within each category, we differentiated between those diagnosed 0-1 years ago and those diagnosed 2+ years ago; those who have never been diagnosed with the given disease serve as the reference category. These regressions allow us to control the presence of other disease categories when studying the relation between a particular diagnosis and weight change. All regressions adjusted for age, sex, and the average of weight at survey and one year prior. At a second stage, we also adjusted for other variables that may be related to weight change: smoking status (never, former, current), race/ethnicity (Hispanic, non-Hispanic white, non-Hispanic black, and other), and educational attainment (non-graduate of high school, high school graduate, some college, and BA+).
We also investigated whether there was a significant interaction between recent diagnosis and age in their effect on weight loss or weight gain. To do so, we created six multiplicative variables combining each of the six recent diagnoses with age. Similarly, we investigated whether there was a significant interaction between recent diagnosis and mean weight as predictors of weight loss or weight gain. In a sensitivity analysis examining possible interactions between diagnoses, we included dummy variables indicating whether a respondent had ever been diagnosed with some of the most common comorbidities (arthritis and cardiovascular disease; cardiovascular disease and diabetes; arthritis and diabetes), separately for each comorbidity.
We accounted for the complex sampling design of NHANES using the svy command in Stata version 15 (StataCorp). All analyses were weighted using weights for the interviewed sample. Table 1 presents the distribution of weight change in the past year for the entire sample, for people diagnosed 0-1 years ago with one of the diseases, and for people who have never received one of the six diagnoses. For those never diagnosed with one of the diseases, the mean percentage change in weight over the last year was positive at 0.55%. However, when those diagnosed are included in the sample as a whole, the mean weight change declined to 0.16%. 17.7% of all adults lost at least 5% of their body weight in the year prior to survey and 7.5% of individuals lost 10% or more of their body weight. Table 1 also shows that those diagnosed in the past 0-1 years with arthritis, cancer, cardiovascular disease, diabetes, and liver conditions lost weight, on average, over the past year. Of those diagnosed with diabetes, 38.1% lost at least 5% of their body weight over the past year. The equivalent percentage for cancer was 31.9%, 31.7% for liver conditions, and 27.8% for cardiovascular disease. These large fractions of weight losers are 1.9-2.6 times greater than the a. None of the included conditions diagnosed prior to study.
Results
b. Cancer includes all cancers except non-melanoma skin cancers. CVD (cardiovascular disease) includes congestive heart failure, coronary heart disease, angina or angina pectoris, and stroke. Respiratory disease includes emphysema and chronic bronchitis. percentage of weight losers among those with no diagnosed condition, 14.9%. The percentage losing at least 10% of their body weight for these four conditions ranged from 15.1% to 18.9%, compared to only 5.7% for those with no diagnosed conditions. The main exception to the pattern of weight loss associated with disease diagnosis is respiratory disease. Table 1 shows that those recently diagnosed with respiratory disease gained, on average, 2.33% of body weight over the past year, including 18.2% who gained more than 10%. This percentage is much higher than for any other disease and 2.5 times that of people with no diagnosis. One factor that is likely to be involved in the weight gain of people diagnosed with respiratory disease is smoking cessation. If the sample is limited to those who never smoked, the mean percentage weight gain for those with a recent diagnosis of respiratory disease is 0.69%, compared to 2.33% for the whole sample (results not shown).
Whether contributing to weight loss, weight gain, or both, disease diagnosis is disruptive of normal patterns of weight maintenance. 51.1% of the sample with no disease diagnosis maintained a weight within 2.5% of their weight one year ago. In contrast, the percentage of those with a diagnosis who maintained their weight ranged from 29.3% (diabetes) to 46.8% (arthritis). Table 2 presents data equivalent to Table 1 but for people diagnosed 2+ years before survey. In general, trends observed for more recent diagnoses continue 2+ years after diagnosis, though at a slower pace. Weight loss of 10% or more is 1.7-2.5 times more frequent among those with any diagnosis at duration 2+ than it is among those with no diagnosis. By far the largest incidence of weight loss at 2+ years is observed for those diagnosed with diabetes, among whom 28.0% lost at least 5% of body weight in the past year and 14.3% lost at least 10%. Weight gain remains more common among those with respiratory diagnoses than in other diagnostic categories. Table 3 shows the extent of weight loss of at least 10%, by intentionality, for people diagnosed with each of the conditions identified. In the absence of disease, extensive unintentional weight loss is very uncommon; among those with no diagnosis, only 1.5% experienced unintentional weight loss of at least 10% in the year before the survey. The prevalence of unintentional weight loss was much greater than 1.5% for all diagnoses at both durations since diagnosis. Those diagnosed with cancer at durations 0-1 show the highest incidence of unintentional weight loss, at 11.3%. With the exception of arthritis, unintentional weight loss was more prevalent among those diagnosed more recently. The contrast is especially vivid for cancer, where those diagnosed in the previous 0-1 years experienced an unintentional weight loss of 10% that was more than double the frequency among those diagnosed 2+ years earlier. a. Only those losing at least 10 lbs. in the last year were asked about intentionality. Three respondents in the sample lost at least 10% of their body weight, but not 10 lbs., and were not asked about intention. They are included in the "did not lose 10%" category.
b. Weight loss for two respondents reporting "don't know" for whether weight loss was intentional coded as unintentional weight loss.
c. None of the included illnesses diagnosed prior to study. d. Cancer includes all cancers except non-melanoma skin cancers. CVD (cardiovascular disease) includes congestive heart failure, coronary heart disease, angina or angina pectoris, and stroke. Respiratory disease includes emphysema and chronic bronchitis. Those diagnosed with any disease had a higher proportion intentionally losing at least 10% at both durations 0-1 and 2+ years than those without any diagnosis. The frequency of intentional weight loss was exceptionally high for those diagnosed with diabetes; the two highest values of intentional weight loss in the Table pertain to those diagnosed with diabetes at durations 0-1 and 2+. S1 Table presents the same data as Tables 1 and 2 but describes the percent of the population in each weight change category who have a particular diagnosis. Among all those losing 10% or more, 56.7% had ever been diagnosed with one of these diseases, compared to 41.2% among those maintaining their weight within 5%. So if an individual has lost 10% or more of his or her weight in the past year, it is a reasonable supposition that he or she has been diagnosed with one of these diseases. Tables 1-3 document weight change associated with illness diagnoses, regardless of the presence of other diagnoses. To isolate the weight change associated with each diagnosis net of multimorbidities, we estimate a multinomial logistic regression predicting the probability of experiencing a weight loss or gain of at least 10% in the past year, while controlling the presence of other diagnoses. These models are presented in Table 4 . With the exception of respiratory diseases, those diagnosed with any of the diseases are significantly more likely to lose 10% of their weight than those without a diagnosis, regardless of duration since diagnosis. In all cases, the effect on weight loss of being diagnosed 2+ years earlier is smaller than that of being diagnosed more recently. The odds ratios in Model 1a, controlling only for diagnosis, age, sex, and weight, are relatively little affected by the adjustments for race/ethnicity, educational attainment, and smoking in Model 2a. Consistent with earlier tables, the likelihood of weight loss is greatest for those recently diagnosed with cancer. Table 4 also shows the parameters of regressions predicting the probability of having a weight gain of at least 10% in the past year. That probability was highest for those diagnosed with respiratory disease in the past 0-1 years. The probability of weight gain was also significant among those diagnosed with cardiovascular disease, and both diagnoses result in continued weight gain for those diagnosed 2+ years ago. Introducing smoking and sociodemographic variables in Model 2b substantially reduced the odds ratios for respiratory disease and cardiovascular disease, but the weight gains associated with these conditions remained significant. Being diagnosed with cardiovascular disease is unusually disruptive to weight maintenance since it is significantly associated with the likelihood of both gaining and losing weight. Additionally, blacks are significantly more likely to gain weight while people with bachelor's degrees are much less likely to gain weight.
We added six interactive variables to each of the models in Table 4 , representing combinations of diagnosis in the last year and mean weight. Of the 24 coefficients of variables expressing the interaction between weight and diagnosis, two were significant at 5%: among people recently diagnosed with liver disease, people of higher weight were less likely to gain weight, with and without controls for smoking, race/ethnicity, and educational attainment. Similarly, we added six interactive variables to the models in Table 4 representing combinations of a recent diagnosis and linear age. None of the 24 coefficients of variables representing these interactions for weight gain or weight loss was significant at 5%. These results are available from the authors upon request.
Although the models in Table 4 estimate weight change associated with specific diagnoses net of other conditions, they do not account for possible interactions between conditions. In a sensitivity analysis (not shown), we add variables to Models 1a and 1b indicating whether a respondent had ever been diagnosed with some of the most common comorbidities (arthritis and cardiovascular disease; cardiovascular disease and diabetes; arthritis and diabetes). Comorbidity odds ratios (ref: never diagnosed with both) for the first two comorbidities did not statistically differ from one, nor did their inclusion improve model fit. The odds ratio for having ever been diagnosed with arthritis and diabetes was significantly less than 1 at a level of p < .05 in both the weight loss and gain models, indicating that the odds of weight change associated with arthritis and diabetes alone are less than multiplicative for individuals diagnosed with both conditions. S2 Table presents equivalent information to that in Table 4 but predicts an individual's probability of gaining or losing at least 5% of their weight in the past year, rather than at least 10%. The same patterns emerge: all diagnoses except respiratory disease are associated with a significantly increased incidence of weight loss at 0-1 years. Odds ratios are also above 1 at 2+ years since diagnosis, though not consistently at a level of statistical significance. Diabetes, CVD, and respiratory disease were associated with significantly greater probabilities of weight gain of at least 5% at both durations 0-1 and 2+.
Summary and discussion
Among changes in the health characteristics of the American population in the past several decades, rising levels of body mass index and obesity stand out as especially problematic. [13] While changes in the prevalence of various BMI categories have been effectively documented, [14, 15] details of the annual changes in weight that produce changes in the weight distribution have been neglected. In this study, we investigate the role of disease incidence in annual changes in weight.
Results in Table 2 show that disease is playing a major role in population weight change. Adults who have not been diagnosed with one of the six diseases that we study gain weight at the very fast pace of 0.55%/year. However, the gain for the population as a whole is only 0.16%/year because of net weight loss among those diagnosed with a disease. The probability of losing at least 10% of weight in the past year ranges from 9.9% to 18.9% for those diagnosed in the past 0-1 years with one of the six diseases, compared to only 5.7% for those with no diagnosis. The same pattern of excess weight loss associated with disease is evident for the population diagnosed 2+ years ago (Table 2) . Furthermore, relative to those with no diagnosis, those with any of the six disease diagnoses were much more likely to unintentionally lose 10% of their body weight in the past year (Table 3) . Our results reveal that disease incidence is playing a major role in US patterns of weight change, a role that has not previously been identified. Our study distinguished between voluntary and involuntary weight change as these two mechanisms have different clinical implications. Involuntary weight loss is an important prognostic indicator of disease onset and progression and evidence on patterns of involuntary weight change associated with disease diagnoses may be useful to health care providers involved in managing patient care. Evidence on patterns of voluntary weight loss associated with a disease diagnosis, in contrast, provide insight into the extent to which patients undergo behavioral modification following diagnosis of a new condition. Our finding that rates of voluntary weight loss were greater following a diagnosis of diabetes compared to a new diagnosis of other conditions suggests that there are opportunities for more aggressive weight-loss counseling in the context of other diseases. Whereas patients may recognize the benefits of weight loss for management of diabetes, they may be less aware of the benefits of weight loss for improving prognosis in other diseases such as CVD and cancer.
These results have important implications for studies of the relation between BMI and mortality. The persistent weight loss among people diagnosed with various diseases is likely related to the frequent observation in cohort studies that those who lose weight are subject to higher mortality than those who retain their weight. [16] [17] [18] [19] [20] It may also help to explain why some prior studies have found a mortality advantage in overweight and/or obesity categories relative to normal weight status. [21] [22] [23] This finding is often considered paradoxical because mortality is positively associated with baseline body mass indexes above the normal range. [24, 25] The fact that so many of those losing weight are ill helps to explain the paradox. [26] [27] [28] We estimate that 56.7% of adults aged 30+ who have lost at least 10% of their weight in the past year have been diagnosed with one of the six disease categories that we consider. The extent of illness-associated weight loss is clearly capable of leaving a substantial imprint on relations between weight and mortality. That imprint should be especially clear among those who are losing weight unintentionally. [29] [30] [31] Unless this possibility of reverse causation is satisfactorily addressed in a study's research design, disease-associated weight loss is likely to be an important source of downward bias in estimates of the excess mortality associated with obesity.
This study has several strengths and weaknesses. It is the first comparative study of weight changes associated with the diagnosis of various illnesses. It employs a nationally representative sample that achieves a substantial sample size by aggregating multiple waves. A weakness is that weight changes are self-reported. While self-reports of body weight are highly correlated with actual weight, systematic patterns of underreporting have been identified. [32] Whether these biases "net out" when reporting weight change over the past year is unknown. The diagnoses of diseases are also self-reported and not a direct product of clinical measurements. The category with no diagnoses likely includes individuals with undiagnosed conditions, as well as individuals living with other conditions not considered in our analysis. The presence of ill individuals in the "none" category would likely bias downwards our estimates of relative weight change associated with particular conditions. An additional weakness is that weight changes are only reported for people who have survived to the survey. Alley et al. [33] describe an accelerating pattern of weight loss before death, from which we may infer that survivors with a particular diagnosis are less likely to have lost weight than members of their cohort who have died with that diagnosis. Additionally, NHANES surveys only sample the non-institutionalized population. The institutionalized population may have patterns of weight change associated with illness that differ from those of the non-institutionalized. A final weakness is that the relationships observed cannot be unambiguously interpreted as causal. For those diagnosed in the last year, weight change in the last year may have precipitated a doctor's visit, and thus a diagnosis. The exact timing of weight change and disease diagnosis is not critical for the associations established in this paper.
Conclusion
Disease incidence is playing a major role in patterns of weight change in the American population. On average, those diagnosed with arthritis, cancer, cardiovascular disease, diabetes, or a liver condition lose weight 0-1 years after diagnosis and they continue to lose weight 2+ years after diagnosis. These weight losses are substantial enough that they offset most of the annual weight gain that would be observed in the US population in the absence of these diseases.
Those diagnosed with these conditions, as well as respiratory disease, are more likely to experience unintentional weight losses of at least 10% than individuals with no diagnoses. Those diagnosed with cancer have an exceptionally high frequency of unintentional weight loss. The patterns presented in this paper, especially those associated with unintentional weight loss, may serve as useful standards for clinicians considering how weight changes observed in individual patients may compare to those in the population as a whole. 
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